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INTRODUCTION
Osteoporosis, a disease associated with deficiency of ovarian hormone following menopause, is undoubtedly the most common cause of age-related bone loss [1] . This disease is estimated to affect 200 million women worldwide, and by 2050, the global incidence of hip fracture in women is projected to increase by 240%, compared to rates in 1990 [2, 3] . A decline in ovarian production of estrogens at menopause often results in a rapid loss of trabecular microarchitecture, increased endocortical bone resorption, and increased cortical porosity; all these changes being associated with an elevated risk for fracture, and culminating in the development of osteoporosis [4] .
Bone requires an adequate consumption of Ca; this mineral is necessary for both bone accretion during growth (to achieve an optimum peak bone mass) and maintenance in adult life (to suppress bone turnover) [5] . Although an optimal intake of this mineral is vital, a large percentage of the population consumes levels that are far below the recommended amounts. According to Kumssa et al. [6] , 3.5 billion people are at risk of Ca deficiency because of inadequate dietary supply. The combination of calcium deficiency and oophorectomy enhances the overall loss of bone. Following oophorectomy, the calcium intake with diet required to remain in balance increases about 5-fold [7] . Thus, estrogen deficiency and insufficient calcium in the diet in postmenopause can cause serious problems with resultant osteoporosis [1] .
The ovariectomized (OVX) rat is an approved model for studying how the decline in endogenous estrogen production by the ovaries at menopause leads to postmenopausal osteoporosis. It is also useful to know how potential interventions can protect bone metabolism [4] . As the prevalence of osteoporosis is increasing, natural dietary components with the potential to help prevent this disease are considered [8] .
Among the functional ingredients, inulin-type fructanplant carbohydrates, attract special attention because they have been linked to a number of health benefits. Inulintype fructans may contribute, in a significant way, to a wellbalanced diet by affecting several gastrointestinal functions (composition of microflora in the intestine, mucosal functions, endocrine activities, absorption of minerals) and even systemic ones (i.a. lipid homeostasis, immune functions), as well as by reducing the risk of some diseases [9] . It is also known that antioxidant-rich foods may represent one more strategy for slowing down bone loss and improving bone remodeling.
There are evidences that have identified a higher intake of fruit with decreased fracture risk [10] . Strawberry is the one of the most popular fruits because of its unique organoleptic attributes and the content of bioactive compounds (i.e. phenolic compounds, vitamin C) [11, 12] . A strawberry "matrix" (because of its composition and physicochemical properties) could therefore be a valuable environment for fructan action. Moreover, there are evidences that fructan in strawberry product are stable [13] . The last, but not the least reason for choosing such a product as strawberry sorbet was that many people like frozen fruit dessert and consume them quite often.
The presented study, a continuation of a wide range of research on biological verification of fructan action in different rat models, is aimed at evaluating the effect of a diet enriched in one of three fructan-containing sources on selected bone quality parameters in ovariectomized rats with insufficient calcium intake.
MATERIALS AND METHOD
Research materials. Jerusalem artichoke (Helianthus tuberosus L.) var. Albik (pulp from tubers), yacon (Smallanthus sonchifoulis) -root powder (Oxapampa, Peru -EverTrust, UK) and Beneo Orafti Synergy 1 (Belgium) were used as the research materials -alone or as components of strawberry (Fragaria × ananassa Duchesne) var. Senga Sengana (Oerlemans Foods, Poland) products, according to the recipe and preparation by Topolska et al. [13] .
Animals, experimental design and procedures.
Experimental animals were 12-weeks old female Wistar rats, with the mean body weight of 269.4±31.4 g. They were kept in an animal house, in a controlled environment (12/12 h day:night ratio at 22±2 °C and 55±2% humidity), in Tecniplast plastic cages (Eurostandard Type IV 1354G; 3 rats per cage) with ad libitum access to deionized water and diet. After an acclimatization period, the rats were randomly submitted to sham-operation (SHO -when ovaries were isolated from the approach in the medial line and replaced intact), or bilateral ovariectomy (OVX). OVX animals had ovaries removed bilaterally from the approach in the medial line, and special care was taken to prevent accidental reimplantation of ovarian tissue. Observed uterine atrophy (during dissection) evidenced that ovariectomy was performed correctly.
After convalescence (4 days), animals were randomly assigned to groups (8 rats in each group). The first 3 groups were for validation; two of them were sham-operated rats fed modified AIN-93M diet [14] with recommended (SHO-RC; Ca 5,000 mg/kg diet) or lowered (SHO-LC; Ca deficiency -40%, i.e. 3,000 ±0.1 mg/kg diet) dietary calcium level, and the last group consisted of the ovariectomized animals fed a diet with lowered Ca dose (OVX-LC; Ca deficiency -40%, i.e. 3,000 ±0.1 mg/kg diet).
The subsequent 6 treatment groups were animals fed Carestricted, modified AIN-93M diets, but enriched in one of selected fructan sources, i.e. Jerusalem artichoke (pulp), yacon (root powder) and the formulation Beneo Orafti Synergy 1 -each one added alone (OVX-LC-JA, OVX-LC-Y, OVX-LC-F) or with the strawberry product (OVX-LC-JAS, OVX-LC-YS, OVX-LC-FS). The fructan sources were added to the diet in amounts providing 8% of fructans. Jerusalem artichoke pulp, as well as all sorbets, were added to the diet after lyophilization (Christ Alpha 1-4 apparatus, Germany). The formulations of treatment diets (containing all fructan sources) were calculated to provide equal contents of calcium (3,000 ±0.1 mg/kg diet) and fibre, (Suppl. Tab. 1).
During feeding, experimental SHO-RC animals received the diet ad libitum, while the other groups received the same amounts; the purpose being to avoid hypertrophy. The body weight of rats was monitored weekly. At the end of the experiment (after 8 weeks of feeding), rats were euthanized according to ethical guidelines.
Ethical standards. All applicable institutional and/or national guidelines for the care and use of animals were followed. The procedures were approved by the First Local Ethical Committee on Animal Testing at the Jagiellonian University in Kraków (no 119/2011).
Femora sampling and analyses. The hind legs of the rats were dissected. To prevent desiccation of the bone samples, the legs were frozen at -80 °C, until measurements were taken. The femora were then dissected and separated with blade surgery, removing the tissue adhering to the bone.
The femoral Ca content was measured by the AAS method with flame atomization (ASA Varian AA240FS), according to PN-EN 15505:2009 [15] . At first, wet mineralization (maximum temperature set at 200 °C, mineralization time -40 min) was performed using MarsXpress (CEM, USA), with 65% nitric acid (Suprapur® Merck, Germany). The accuracy of the method used was verified on the basis of certified reference material (NCS ZC73012-GSB-5). The method was validated and checked by internal quality control procedure [16] and inter-laboratory/proficiency tests.
The bones were scanned with peripheral Quantitative Computed Tomography (pQCT) XCT Research SA Plus system, with software version 6.2C (Stratec Medizintechnik GmbH, Pforzheim, Germany). The scans were performed in the distal metaphysis (5 mm from distal end) for analysis of the trabecular bone tissue and also in the middle diaphysis (50% of bone length) for analysis of the cortical bone tissue.
The following parameters were determined in the middle , contour mode 2, and a peel mode 20. The initial scan was performed at a speed of 10 mm/s, and CT-scan 4 m/s. The pQCT system was calibrated with the use of hydroxyapatite containing a quality assurance phantom (pQCT QA-Phantom).
Statistical analysis. Data were presented as mean value ± standard deviation (SD). All the calculations were performed with statistical software package Statistica 9.1 (StatSoft Inc., USA). Hypothesis about normal distribution (Shapiro-Wilk test) as well as homogeneity of variance (Levene'a test), was verified. Differences between SHO-RC and SHO-LC groups, as well as between SHO-LC and OVX-LC, were analyzed by Student's t-test. Differences between OVX-LC and other treatment groups were tested with the one-way analysis of variance (ANOVA) and post hoc Tukey's test as a correction for multiple comparisons. Differences were considered significant at p≤0.05.
Principal Component Analysis (PCA) was also performed (statistical software package Statistica 9.1; StatSoft Inc., USA) to better illustrate the differences between experimental groups. There were three versions of PCA; the first included only groups of the validation model, the second -OVX groups fed low-calcium diets (without SHO groups), while the third -all groups (validation model as well as treatments groups).
RESULTS
Femoral calcium content and bone quality parameters in validation model. Feeding SHO rats with low-calcium diet did not change markedly (p>0.05) the level of this mineral in bone. (Suppl. Tab. 2). In turn, ovariectomy caused a significant reduction in femoral Ca content in female rats (SHO-LC vs. OVX-LC, -9.71%).
To assess the femur architecture of female Wistar rats, peripheral Quantitative Computed Tomography was used. It was observed that consumption of the calcium-deficient diet by SHO rats negatively influenced D-ENDO_C (+7.21%), while D-PERI_C was not significantly affected (p>0.05). Moreover, ovariectomy caused enhancement of endosteal circumference (+15.93%), compared with SHO-LC. Additionally, the D-PERI_C value was higher (+12.15%) in OVX-LC vs. SHO-LC. OVX rats had significantly lower D-TRAB_CNT and D-TRAB_DEN, compared to SHO-LC animals (-48.83% and -54.38%, respectively). Calcium deficiency in SHO rats also caused a decrease in trabecular density by almost 5%; however, this change was not statistically significant. The trabecular content parameter in these validation groups, mentioned above, remained similar (p>0.05). Total mineral content, as well as total bone density in the distal part of the femora, were dramatically decreased due to ovariectomy, from 14.88 -11.94 mg/mm and 863.80 -619.03 mg/mm 3 , respectively. The value of D-RP-CM-W was also radically decreased in ovariectomized rats, compared to SHO-LC Feeding rats with low-calcium diets containing sorbets enriched with different fructan sources on bone quality in OVX rats, also showed significant enhancement of femoral calcium after 8 weeks of experiment (Tab. 2). The highest Ca level (25.13% higher than in OVX-LC) was determined in the bones of animals fed the diet containing Jerusalem artichoke sorbet.
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Analysis of the distal part of bone via pQCT showed that the values of distal trabecular density were higher, from 5% (OVX-LC-F) to 13% (OVX-LC-JA), compared with OVX-LC, but the differences among groups were not statistically significant. In addition, total density of this part of the bone was also slightly higher after adding fructan sources to the diet. The same tendency was shown when animals were fed with the diet enriched in fructan containing sorbets, with significant difference between the OVX-LC-YS vs. OVX-LC groups. Enhancement of D-TRAB_DEN from 6% (OVX-LC-JAS) to 24.9% (OVX-LC-YS) was also observed (Tab. 2).
The obtained results from the middle part of femur indicated significant changes in the endosteal circumferences, dependening on the diet composition. The addition of fructans (raw materials) to the diet led to the lowering (p ≤ 0.05) of M-ENDO_C: -8.00% in OVX-LC-JA, -6.37% in OVX-LC-Y and -6.52% in OVX-LC-F. Moreover, the value of M-TOT-DEN was significantly enhanced for all raw materials.
The pQCT analysis also revealed that the presence of fructanenriched sorbets in rat diet was associated with changes in the parameters of the middle part of the femur (Tab. 2). Animals fed with the diet containing sorbets (independently of the kind) had lower endosteal circumference in this area of the bone (6.37% -10.37% in OVX-LC-JAS and OVX-LC-YS, respectively). The values of M-CRT_THK (for OVX-LC-YS and OVX-LC-FS) and M-TOT_DEN (for all groups fed diets containing sorbets) were significantly enhanced, compared to OVX-LC. Additionally, cortical thickness and total density were the highest in OVX-LC-FS (+7.81% and +7.05%, respectively), compared with OVX-LC (Tab. 2).
There were 3 versions of PCA: the first included validation model groups, the second -all low-calcium groups, and the third -all experimental groups. When considering the first version (Fig. 1A, 1B) , 2 reduced variables (eigenvalues 12.58 and 6.42) were obtained. The relevant differentiation was observed between SHO-RC and SHO-LC versus OVX- variability. In these PCA versions, further analysis was focused only on the first 3 variables, explaining 88.4% and 89.9% variability, respectively. On the basis of the analysis of contributions of particular real variables in reduced variables, it was observed that LCD-YS changed, to the highest extent, parameters in the distal part of bone (factor 1 -63% distal bone parameters), whereas LCD-FS -parameters in the middle part of bone (factor 2 -65% middle bone parameters).
DISCUSSION
Bone loss resulting from estrogen deficiency has been widely studied in animals and humans. The ovariectomized rat is a useful model for mimicking estrogen withdrawal of women after menopause [5] . The progressive loss of bone matrix is similar to that in postmenopausal women with osteoporosis [17] . Animal models fed low Ca diets demonstrate a negative calcium balance and gross bone loss, while the combination of calcium deficiency and oophorectomy enhances overall bone loss [7] . The results of the presented study indicate that ovariectomy negatively affected (p ≤ 0.05) femoral Ca content in rat femur (Suppl. Tab. 2). These findings are not surprising because it is well known that estrogen deficiency exhibits harmful effects on bone condition. Furthermore, the effects of calcium deficiency and ovariectomy are additive. If more calcium is repeatedly removed from bones than is replaced, osteoporosis will eventually occur [20] . Similar observations were noted by Sookvanichsilp et al. [18] , in young adult ovariectomized rats after an 8-weeks experimental period. The authors observed that ovariectomy caused a decrease in the growth of the long bones of rats, as well as their calcium content. Scholz-Ahrens et al. [19] also reported that femoral calcium in animals subjected to ovariectomy tended to be lower. In general, the extent of ovariectomy-induced bone loss is dependent on many factors, including the skeletal site [4] . PQCT analyses of distal part of rat femora revealed that ovariectomy led to an increase in both periosteal and endosteal circumferences, compared with the SHO-LC group (Suppl. Tab. 2). OVX rats were also characterized by significantly lower trabecular content and trabecular density, as well as total mineral content and total bone density in this part of the femur. A dramatic decrease in D-RP-CM-W values was also observed under these conditions (ovariectomy, low-calcium diet). Significant changes in pQCT parameters: M-ENDO_C, M-CRT_THK and M-TOT_DEN were also shown in the middle part of bone.
Interestingly, in the current study, Ca content in femur was not markedly (p>0.05) different between SHO groups fed normal and low-calcium diet (Suppl. Tab. 2). However, feeding SHO rats a calcium-deficient diet for 8 weeks led to negative changes in endosteal circumference measured in distal part of bone (analyzed via pQCT), whereas D-PERI_C remained almost the same (Suppl. Tab. 2). Additionally, there was a tendency to a decrease (by about 5%) of trabecular density in the distal femora of SHO animals subjected to calcium hypoalimentation. In the presented study, significantly lower values of D-RP-CM-W parameter were shown in the group of sham-operated rats fed with the low-calcium diet. These experimental conditions also led to significant changes in most parameters in the middle part of bone, analyzed by pQCT (Suppl. Tab. 2).
Menopause is the most important risk factor for osteoporosis in adult women [21] . However, other risk factors involving lifestyle, such as low physical activity, insufficient vitamin D levels and a calcium-poor diet, are also common in modern society. For that reason, functional food products with the potential to prevent bone loss attract special attention. Few calcium absorption enhancers have been identified and the emerging evidence has shown that fructans could be an interesting dietary ingredients from this point of view [22] . They are being investigated for their potential to improve bone health, largely through their influence on mineral absorption and retention [5] . These beneficial effects of inulin-type fructans have been extensively studied in several experimental models, taking into consideration mineral metabolism and bone mineralization, as well as architecture [5, 23, 24, 25, 26] . According to Scholz-Ahrens and Schrezenmeir [27] , the age of the animals and/or their physiological stage also affect the role that inulin plays in the metabolism of calcium; inulin type fructans, may be more effective when the animals have a higher demand for calcium, as in the rapidly growing age range or in estrogen deficiency. When regarding raw materials being a source of fructan, the results of Ca bone content depended on the kind of material chosen, with the highest value obtained for ovariectomized animals fed with a low-calcium diet, but enriched in yacon (Tab. 1). In turn, analysis of the results obtained in the current study concerning the sources of fructan, a component of strawberry sorbet added to the rat diet, revealed the highest Ca level in bones of rats fed a diet containing the product with Jerusalem artichoke (Tab. 2). Similar results were obtained by Topolska et al. [28] , in an experiment using the model of growing female rats. The current results are in line with those obtained by Weisstaub et al. [5] who showed a positive effect of fructan (10 g Synergy per 100 g diet) on Ca content in the bone of ovariectomized rat. Scholz-Ahrens et al. [24] also showed that diet (with a recommended calcium dose) providing 10% oligofructose increased the levels of minerals in the femur of OVX animals. The effect of inulin on Ca metabolism was also studied by Weaver [29] as part of a metabolic balance study using 6-month-old ovariectomized rats. Bone formation rates increased 44% and bone resorption rates were completely suppressed (89% increase in Ca retention).
When analyzing data from pQCT concerning the distal part of bone, a tendency was observed to enhance trabecular density, as well as total density in groups fed with fructan sources added to diet alone (Tab. 1). Similar observations were made in groups given diets enriched in sorbets with various fructan sources (Tab. 2). The addition of sorbet containing yacon to the diet significantly improved D-TOT_DEN, compared to the OVX-LC rat group. In the case of OVX-LC-YS, as well as OVX-LC-FS, the value of D-TRAB_CNT was also higher. Despite their lack of statistical significance, these changes (even small) may contribute to a more stable trabecular network or locally higher bone mineralization with the effects on femoral stability. In turn, Scholz-Ahrens et al. [24] demonstrated that in aged ovariectomized rats, oligofructose added to the diet for 8 weeks prevented the loss of trabecular bone induced by estrogen deficiency; however, the effect became significant when the diet provided 1% of Ca. According to Scholz-Ahrens et al. [19] , the beneficial effect of oligofructose on bone mineral content and trabecular structure depends, inter alia, on its amount in the diet, and also on the duration of intervention. Moreover, it is known that bone remodeling is triggered by osteoblasts and osteoclasts [30] . The surface-to-volume of trabecular bone volume is nearly 10 times than of cortical bone, so its contribution to activation of bone metabolism is greater. It is therefore assumed that the decrease in bone density caused by calcium deficiency may occur in trabecular bone sooner than in cortical bone [20] .
Feeding ovariectomized rats a diet enriched in fructan sources (as raw materials) led to marked reduction in the endosteal circumferences measured in the middle part of bone. Added to this, total density of this part was significantly higher (Tab. 1). As regards the action of fructan-enriched strawberry sorbets, lower endosteal circumference, higher cortical thickness and total density in the middle part of bone are to be mentioned, although the extent of these changes varied among groups (Tab. 2). The differences in the fructan action could be due to their degree of polymerization. It is assumed that oligofructose (with shorter DP) will be fermented more rapidly in the upper large intestine, whereas inulin (longer DP) will be fermented predominantly in the lower part, and a mixture of short-chain and long-chain inulin (Synergy) will be fermented all along the whole gut, and thus more effectively [27] .
To find the dependence between nutrition and health, studies concerning the impact of various dietary components on the growth and/or condition of the organism are needed. The interpretation and conclusion from this kind of research is difficult, because of the necessity to evaluate many parameters (from one side differentiated, from the other -strongly correlated), that lead to an ambiguous image of various actions of diets/components. Thus, the implementation of a statistical tool that allows limitation of the number of variables and illustrates the gained results is crucial. A smaller number of dimensions makes it easier to find the differences between the analyzed samples. This is why Principal Component Analysis was applied, i.e. first version including groups of validation model, the second for all low-calcium groups, and the third, taking into account all experimental groups. As regards the first version (Fig. 1A, 1B ), significant differences were observed between SHO-RC and SHO-LC only for reduced variable 2. Because of the fact that the components of this variable are parameters from the middle part of the femur (93% reduced variable 2), it may be concluded that Ca hypoalimentation affected the examined parameters in this part of bone to a higher extent than in the distal area. In turn, when regarding all lowcalcium groups ( Fig. 2A, 2B ), 6 reduced variables explaining 100% variability were obtained. Such as reduction indicates a strong association between the examined parameters. variables in reduced variables, it can be concluded that in the case of group consuming yacon as a component of sorbet, the effect concerned mostly the parameters of the distal part of bone. If the LCD-FS group is taken into account, the changes concerned the highest extent of parameters in the middle part of bone. The impact of LCD-JAS on bone quality was also shown; in this case, explicit differentiation (compared with other groups) was observed in the value of reduced variable 3 (factor 3), where femoral calcium content (FCa) played a dominant role (53%). It is well known that ovariectomy results in general changes in metabolism. The decrease in estrogen levels during the menopausal period leads to a loss of the protective effect of estrogen against oxidative stress and reactive oxygen species, followed by depletion in antioxidant enzymes in bones. Oxidative stress also suppresses bone formation by inhibiting osteoblast differentiation and decreasing the survival of these cells. The absence of estrogen reduces osteoblastic activity and stimulates osteoclastic activity, finally leading to the development of osteoporosis [31] . Topcuoglu et al. [32] demonstrated an elevation of plasma and tissue oxidative stress markers as a result of ovariectomy. In addition, hormone replacement therapies decreased oxidative stress markers in plasma and tissue of the OVX rats, suggesting a protecting effect of estrogens within the antioxidant defence systems [33] . In this context, the biological effects of fructanenriched sorbets on bone may be due to one or more of the bioactive compounds present in their composition. First, polyphenols are the most diffused and interesting bioactive compounds present in strawberry [34] . These compounds can protect bone health through reduction of oxidative stress because they act as antioxidants [35] . Strawberries are also a rich source of antioxidant vitamins, such as vitamin C and β-carotene.
The other point is that the results of recent studies indicate that fructans may have antioxidative potential [36] . In a study by Pasqualetti et al. [37] , the total antioxidant capability of fructans, with different degrees of polymerization (DP 8-125) and molecular structures (linear or branched), was analyzed by the TEAC method. It was shown that fructans, resistant to thermal treatment and digestion, also increased their role as antioxidant molecules since their activity can take place in the colon, the part of the gastrointestinal tract that is not reached by other ROS scavengers, such as vitamins C and E, which are absorbed in the first part of the human gut. Therefore, the reason for the more beneficial action of the diet containing strawberry sorbets enriched in fructan sources than the raw materials added to the diet alone, could be derived from other bioactive compounds of this kind of product, its specific physicochemical properties and the potential for enhancing fructan action. Further research on the combined effect of fructan action and antioxidant properties of strawberry are needed.
CONCLUSION
The presented study showed that diet containing inulin-type fructans improved bone quality. Different fructan sources had an effect on various femoral parameters. In detail, natural sources, i.e. Jerusalem artichoke (as a component of sorbet) or yacon (as a raw material) enhanced Ca content in femur. Diet containing sorbet enriched in yacon also had a positive impact on the total density and cortical thickness in the distal part of femur. Moreover, in the middle part of bone of animals fed diets containing sorbets enriched in each fructan source, total density was higher than in the low-calcium control group. Analysis of the PCA showed that the addition of fructans in the form of sorbet significantly influenced the examined parameters of bone condition. On the basis of the analysis of contributions of particular real variables in reduced variables, it can be concluded that in the case of the group consuming yacon as a component of sorbet, the effect was mostly on the parameters of the distal part of bone. If the group fed the diet containing sorbet enriched in fructan formulation is taken into account, the changes concerned (to the highest extent) parameters in the middle part of bone. Simultaneously, the impact of sorbet-enriched in Jerusalem artichoke on the quality of femur was also observed.
These findings suggest that a fructan-enriched diet is potentially useful for postmenopausal osteoporosis. It is important to determine an optimal dietary level of fructan with the long-term goal of developing a dietary strategy to prevent postmenopausal osteoporosis and related fragility fractures.
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